Quantitative double-label radiography of two-dimensional protein gels using color negative film and computer analysis.
We have devised a method of data collection and computer analysis which allows utilization of the resolving power of two-dimensional gel electrophoresis of proteins, in conjunction with the versatility of using two different radionuclides simultaneously. Cultures of Escherichia coli growing with exponential growth rate constants (mu) of 0.32 and 1.43 were labeled with [3H]leucine and [14C]leucine, respectively; these samples were mixed, and cell protein was separated on a two-dimensional gel. Spacial and quantitative data for both radionuclides were recorded on color negative film by radiographic exposure. Data for 14C alone were then collected photographically from the red-light-sensitive layer of the film using a red filter, while data for 3H and spillover of 14C were collected photographically from the blue-light-sensitive layer using a blue filter. These two data sets were analyzed by CINT, a computer program for analysis of two-dimensional gels, and quantitative data for 3H were calculated after determination of spillover of 14C in a manner analogous to quantification of 3H and 14C by liquid scintillation counting. Quantitative data from over 1000 protein spots representing from 0.002% to 10% of the total 3H or 14C, respectively, are available in a matter of hours. We have used this method to analyze the effect of growth rate and medium composition on the relative levels of individual proteins in a pathogenic strain of E. coli which contains group 111 O-antigen. As expected, the relative levels of aminoacyl-tRNA synthetases, protein chain elongation factors, ribosomal proteins, and the alpha-subunit of RNA polymerase are all increased with increased growth rate; the magnitude of these changes agreed with previous data derived using other strains of E. coli. Alterations in the levels of other proteins identified on the two-dimensional gels could be interpreted in terms of changes in medium composition. When compared to manual data collection by excising radiolabeled proteins and quantifying 3H and 14C in a liquid scintillation counter following combustion to H2O and CO2, respectively, this new method of data collection and computer analysis increases the resolution of data collection and decreases the time involved from days to hours.